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» Smart Grid
Traditional Grid

' One-way power flow, simple interactions

Transmission Lines

Carry Electricity
Power Plant Long Distances Distribution Lines
Generates Electricity HH— A —86e Carry Electricity
HE— R —8e To Houses

Transformer Neighborhood
Steps Up Volta Transformer Transformers On Poles Step
For Transmission Steps Down Voltage Down Electricity Before It

Enters Houses
LT e
\ =~
? Sources: ABB
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Smart Grid

The integration of two infrastructures

Electrical
Infrastructure

+

Information
Infrastructure

Sources:: (1) UtilityPoint, by Ethan Cohen 7/18/0 (2) EPRI® Intelligrid
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Smart Grid
|

Multi-way power flow, information flow and
multi-stakeholder interactions

o Power station

=T -
- = L
- : -]

Apartment
buildings

A ¢ "-'--' s - | E 1
(with own Smart house o F T
qeneratar) : {with hydrogen-car (SRl
s generator) ~=
Sources: The Evonemist; ABR 4
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Smart Grid

A vision for the future
A network of integrated microgrids that can monitor and heal itself.

Smart appliances
Can shut off in response to Demand management
frequency fluctuations, a ™\ Use can be shifted to off-

N

peak times to save money, M icrog rid

&

-‘:,L Disturbance
¥ inthe grid

Selar panels

Execute special protection g
schemes in microseconds.

disturbances, and can signal |- |
for areas to be isolated,

&

Storage ¥ 255
Energy generated at off-
| peak times could be stored
| in batteries for iater use.

Wind farm

Central power
plant

Energy from small generators
and solar panels can reduce

s B Industrial
overall demand on the grid. ~

plant
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Smart Grid Benefits

Increasing grid efficiency
Energy consumed to generate electricity

e If we could make the
Lost g\ electric grid even 5%
Output | more efficient, we would
Useful ' save more than 42 GW
User Qutput of energy: the equivalent

T&D ' of production from 42
Power Plant ! :
Fuel Conversion

,.; e

80%

Energy input E 1.6 quadrillion BTU' 7

Smart Grid delivers:
v Utility savings: $46MM/yr (2% total load reduction
v Environmental benefits: 290K tons of CO2 reduction

-

Source: Energy Information Administration & GE Estimates




Customers

1
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Potential Peak Load Reduction (MW
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TS
Reducing peak load demand

region

Customers enrolled in direct load control programs, by
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{fé’ Source: FERC Assessment of Demand Response & Advanced Mefering,
Q}(@ December 2008
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“‘Demand response is clearly the ‘killer
application’ for the smart grid.”

- Jon Wellinghoff, FERC Commissioner, Dec. 29,
2008

v'Current DR programs can reduce peak load
demand bv up to 41 GV (~6% of peak demand
for 2008).

v Utilities reported 13.6 GW of actual peak load
reduction in 2007.

v'Smart grid-enabled DR programs may achieve
peak load reductions of 7%-22%'

1Electric Advisory Committee, “Keeping the
Lights On in a New World,” January 2009
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Optimizing Demand - Creating Value to Consumer

Consumer a  Electricity
Interface kW h
Smart -
Thermostat
Eos

Com bined
cycle

Coal

e

Nuclear
Smart :

4 PM Da iiﬁ‘_' B

|
SO
Demand

lighting

Pacific Northwest National Laboratory announces the
results of two studies demonstrating consumers and
information technology can play an active role in
managing the grid

Smart Meter Efficient

appliances
“On average, consumers who participated in the
ﬂ project saved approximately 10 percent on their

electricity bills”
‘Iﬁ) nagination &1 work
e —— e
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¢ Development of Smart Grid

» Advanced Metering
Infrastructure (AMI)(storing
how electricity was used at
different times of the day)

»> Italy’s Telegestore Project

> Smart meter adds (completed in 2005)
communications, so that networks 27 million homes
monitoring can be done in with smart meters via low
real time bandwidth power line

> Smart meter acts as a communication

gateway to demand response-
aware devices
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@iz > Boulder, Colorrado completed the first phase of its smart grid

2008 project, using the smart meter as a gateway to the Home
— Automation Network (HAN).

» Austin, Texas, supporting 500,000 smart devices real-time. 2009

2010 > Ontario smart grid system served 1.3 million customers.

Piu'g the Smart Power Grid, Smart Places and Smart
\ Transportation, linking grid network to consumers and EVs.

2021 ~ 2030: Completing the national smart grid.

=.____\__\ 10

2009 ~ 2012 South Korea constructs a test-bed and works on

2013 ~2020: taking the best outcomes from the test- kG-
bed and commercializing them. 2030

| S
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mart grid market to reach $200
illion by 2015

Smart Grid Revenue by Region, World Markets: 2008-2015

= Muddie East/ Africa
B AsiaPacific

= Latin America
B horth Ammenca

(Sowrce. Pike Rosearch)

11
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Smart Meter Market

2015: > 71 million units, annual growth
rate of 25.3 %

Home Energy
Management Systems . ..

2011: 1 million units
2020: 63 million units

+ Transmission & i
Distribution Equipment
77 ¢ 7 2011:$128.9 billion

4

Source: Smart Grid News. Com, EcoFriend 12
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Smart Grid — Features

€ Improve Efficiency
@ Increase Reliability &%y
@ Improve Power Quali@; é\
€ Increase Flexibility =
€ Reduce Electricity Price
€ Shift Peak Load

13
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“ Harmonized AC and DC Grids —

A Smarter Grid
4+ Share of Green Energy by 2030
@ Germany >50% Spain >20% (by 2020)

W Denmark >50% () 1taly >17% (by 2020)
@ Japan >30%
0 China >25%

&% UK >15% (by 2020)

(15 % by 2020) &3 Thailand >13% (by 2022)
@ Talwan>25% @ Korea > 11%
£ usA>20% & Malaysia >10% (by 2020)
5o y

4

O Indonesia >10% (by 2025)

4
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Renewable Energy

PV, Wind, Wave, Tide, etc.

» Intrinsically unstable
and discontinuous

» NO constant frequency
and no constant

amplitude
Note:
30 % of wind turbines in China are not
connected to a transmission network.

>~ |Is there a smarter grid?|

15
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+ Harmonized AC and DC Grids

War of Currents : 1886~ 1895

George
Edison v Westinghouse
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Harmony

Balanced and gentle “give and take™ situation
> Mutual benefit, win-win feature

I" -
- - =N =
\ o=
e —~ -~ 7
- - -
\ 4
‘
P ~

-
-

-

“Harmony ” in the family is the
basis for success in any
undertaking

(R % FH)
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Resonance
> Smooth power delivery and reception
> Most efficient power transfer

Vg VI L] 12

-- "nl.'"ﬂ

-

without resonance W|th resonance
4 %
—m}g_

18
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o Resonance
B Applications

» Motor drive
» Battery charging
» Blood circulation (based on Qi theory)

€ Require well tuned frequency and
amplitude

19



® AC Source

> Sinusoidal voltage
waveform . < L
> Expected sinusoidal AN . U R
current waveform

AC Grid

by L I?Erﬂ
v
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Existing AC Grid

e 50Hz / 60Hz
e 90~265 Vac (universal line voltage)

| @ Cannot fit to all kinds of load
applications with resonance

4 Require a transition state
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DC Grid

e Reset un-tuned frequency and
amplitude to dc state

e Act as a buffer and transition to
new resonance
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Harmonized AC and DC Grids

B AC Grid (Source)

- Providing a strong backup

- Achieving high efficiency
and smooth operation

HDC Grid (Source)

- Providing a buffer and
transition to new resonance

23



System Configuration
- DC Building (EPARC, Taiwan)

AC Grid

uonensAY
L3Nm0 d

: Energy ¥
| | Management |}
System '

Energy Storage Green Power Generation
Lision || Browheel Bio & Solar Wind Turbine PV Panel
Battery ywhee Hydrogen Generation
& Storage
[ |
Fuel
Cell
S e
% Bi-directional
S AC/DC DC/DC MPPT MPPT
§ Inverter Converter
S
N ~ L + &
® ® %
-4 r L r 4 4 L r lli_J
17 . &
TV& Refrigerator Charging
Computer Station

DC Appliance & Equipment

24
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¢ Unique Features

Energy saving : 8%

——— el

MPPT | T | Inverter ~ Loads

PV Array

98% 97% 98.5% 97% 95%

77, = 98% x 97% x 98% x 97% ~ 85%

DC Grid
/W_ |, \ DC/DC
MPPT | A or Loads
(111717 DC/AC
PV Array 98% 95%

1, = 98% x 95% ~ 93%
n, —n, =8% ( Less Power Loss )

25
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® Cost Reduction: 25%

B |n practice, it requires a bi-directional inverter to
regulate DC-Grid voltage.

DC Grid
M DC/DC
MPPT ,L | or Loads
DC/AC
—> Grid Connection
—1\ Bi-Directional 9
t Inverter MN—y
Rectification
with PFC

AC Grid

26
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Improving AC-Grid Quality and
Stability
@ Nno harmonics

& |ess Interference with AC grid

& with energy storage elements to buffer
unstable green energy

& with energy management system to
optimize energy usage and cost
effectiveness




@ Easy to expand power capacity

& no frequency and no phase Issues
& no circulation current
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® Easy to accommodate various types
of green distributed generators

PV Panel + MPPT = DC Grid

& Wind turbine + MPPT == DC Grid

& Fuel Cells + DC/DC= DC Grid

& Piezoelectric Devices + DC/DC = DC Grid

%,
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® Easy to implement multiple
functions
@i DC UPS
& Charging/ Discharging
@ PFC
@ Grid Connection
@ APF

4 %




= Developing System

DC Microgrids Throughout Buildings

@Mel‘ge@ i Manitictirers. Focus of the Alliance

ALLIANCE Distributers, Builders

24 VDC 380 VDC
Occupied Data Centers
Space

—_4-’-__ — - -

-

/
' /
Academic & Industry N— :/ \ Gc}letrnmetné & Codes
Interest Groups ' b B nterest Groups
380 VDC 24 & 380VDC

\
|
Building
Services J Qutdoor
I J

&
-

&

Architects, End Users
Consultants. Engineers
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® DC 24V- Infrastructure

AC Branch
Power

SIS SIS FISINN
I;:III Y 2 /.14 III’I'I’I

I Optcgga&(?v:\;sno * DC Ceiling Grid \\\\\\\\ o
’;‘5 ~ wa ; - Actuator
VLl Ll LB L L Ll L LLLLL
IS SIS SIS §
Occupancy & \\
Daylught Sensors ‘ ].
m VAN ... VA

:=- & Security F
INFRASTRUCTURE: lumlulllmunnmnmumWr - A(l:'[:evzlsmo':e?ce
AR LS4 #

Ceiling /7 77 Wkl W/
3 L 7S5 7 W7 17 7
Walls
Furniture e

3‘ ‘ C Merge®

ALLIANCE

Floors
L-mﬂ



Luniera Lighting - DC 24V LED

Luminaries
« 2200E Series 2 x 2

— Ultra-thin

— LED fixture

— Direct replacement for 2
X 4 foot flourescents

Luniera Lighting _ 24V LED Luminaries

.”\; — =

2 2010 Damell Group, Inc., wwa dameil.com

“\—T = 33
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Korea — LvDC: 380 vV, MVDC: 22.9 kV

» Korean roadmap of DC distribution system

SMART DC

{5 . s i i . e .
« End user DC distribution \:,v,, « LVDC commercialization {;"f,, » MVDC commercialization

)

B - 220KV 7 N _ 9901y
~ system - 380V ,«,q 22.98V/380V Tr, | ~22.9KVTeeder
" - House, Small building leveh‘, - Collective house ares, ij’ - City

office building

‘B

34
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reen Home (Korea) — DC 380 V

Satellite’
Dish | Solar Cell Power
. : System

e AC Line

N
"

2 DC Line = Power
Control Line

,",/rl.aundry ‘
|

) 1

i oL

[ |Wireless Power g,
: Contro

Energy Storage Q
AC/AC Unit : Battery

Converter {optional)

Electrical Vehicle
(optional)
35




CPES (USA) — DC 380V

Energy Control
Center
with
Bidirectional
Converter

Wab-baced GUI

L —, 380 V, DC bus
» Bidirectional power \@/
N - I g e S
» Separation of S I R L
P . [ ) - | | B
dynamics A A B |
|
| | | | |
+Loadmanagement | | |71 | | B2 [r] Bl | i |
| Lo ] 00 | |
+ DG management | Fg ] [;g o L
o L= L= Appliances: Appliances: bppliances:  LEDlight LED light
» Data acquisition Consumer Electronics:  Washer, Dryer Air Conditioner Stove, Oven  (eeiling)  (floor)
TV, Computer, Projector o e : -, -
T vl » Communication ‘ ' . ‘ al 0
EE Islanded operation : e~ ' 3 l
3 ] L ik d
% Fig. 5: Conceptual dc nanogrid in a future home. 36
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Intel (Data Center)

Summary Vision

t 400Vdc Fa

Vs. Current
» 28% Energy Savings

ity Vision
Lighting
loads

Electronic
loads

Vs. Best A

» 7% Energy Savings

» 15% Less Capital Cost

> 15% fewer PSU components

> 33% Datacenter Space Savings

> 200% Reliability Improvement

37
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Fukuoka Smart House — DC 380V

(Japan)

Use natural energy

Smart Grid Grand vision
Produced by Smart Energy Laboratory

' Solar electric
i Generation

Generate

Energy Management System

visualization J—
Service Providdr

ZigBe¢ SE Data Center
IT Service
jorrnalgreerennoathgna,,
o ;o | i ) ()
L : o Al N | Home Integrate {:u:untrul
o= | J : o - . o] Gatewmy K &
E W : ﬂelectmni —H s o\ by HEMS "
- e . : I'— : '-'il-ﬂl:l:h .
B - # . e A
| < Y _". l';:: Remote management
+'llllllllll.llllllll" Jri:ﬂﬂtl'l:ll

P._

}

|

el AC
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DC self consumption as part of German
enewable energy act

—

T

< 200 — 400 VDC |i ZH ‘W }I’[ vf:‘ HWUJ

% > J
W Image: Fraunhofer ISE, Freiburg, Germany n hgml
\ or ion 3°
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m Developing Syst

e DU B mJ Jm(' (EPAR

L, Tailwan)— DC 380V

nverter E/e G"ee n Po

= 5 Mens . Wer Gen,

- '

L? % % ' il eratOr
Q& gt

(= Bio & Solar Hydrogen (H,)

eration & Storage

Wind

BN % :
Tutninr

Supercap ,\“ @ % o

i
DC/DC
Converter

40
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Developing System

- DC Bullding (EPARC, Talwan)




System

sullaing (£EPARC, 1%

= G

W=

Iigting
B

DC
Charging
Station
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s Developing System

trPARC, Talwan)

« DC Bulldino (

ot

D -

DC Electronic
Ballast

43



| DC Washing
Machine
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“ Key Components

® Green Distributed Generators

Multi-String MPPT+ Grid-Tied Inverter
DC Grid

PV Arrays

Selling Power
>

Bi-Directional @ T C

Inverter 3® 220 Vac

-
Buying Power

Lower component stress
and higher efficiency

45
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® Wind Turbine + MPPT
DC Grid
L P MPPT Selling Power
With Ml e
PFC
M\
| Bi-Directional @m 210 R
N ¢— [Inverter 30 220 Vac
(2kW)
-
Buying Power

* Wind Turbine Voltage: 0~200V
* DC-Grid Voltage: 380120V

\ At € Wider wind speed operation range
=, @ Higher efficiency

4

46
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® Fuel Cells +DC/DC Converter
DC Grid

Fuel Cell

DC/DC
Converter
(Boost Type)

* Fuel Cell Voltage: 48V~96V
* DC-Grid Voltage: 38020V

&Q{” E, @ For base power supply

4

47
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4 Energy Storage Elements
» LI- 1on Battery

DC Grid : 380Vx20V

+ i
Bi-Directional

Charger/Discharger 1

(DC/DC)

DC/DC
Converter
(Boost Type)

* Li-1on Battery Woltage: 96V

v P 4 Providing short-term power for loads
A’3»-Regulat|ng DC-Grid voltage to 380 Vdc

‘*1."______"'"'--., b




+ Bi-directional Inverter

DC Grid : 380V£20V

Selling Power

+ - ——-
== Bi-Directional 10 220 a8
L | Inverter 30 220 Vac
S0Hz/60Hz Vdc
Buying Power 4
- 400 Vg----=====---
@ Providing long-term power for  pe_grig o "
|OadS Regulation power
@ Selling power to AC grid or ol ;
! Ll 1,
buying power from AC grid oy | (;A o
;&é’Regulatmg DC-Grid voltages to power; - f70v

80+20V

A 4360 V

49
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DC Appliance and 3C Products

SLLLLLL L LT

4y e |II .. .,

50
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» Energy Management System

i <D
O ERE
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DC-Voltage Specification

EMerge Allianc

600V

DC supply must avoid this area

420V

385V
380V

365V

DC Volts

Equipment must operate properly

260V

DC supply must avoid this area

1ms 3ms 10ms 10 minutes

Duration

Nominal
Voltage:

/380V

52
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DC-Voltage Specification

REbus Alliance [gerses,

PSU Voltage controlled current regulation

100" I N S . S —_——

|
|
80 | \

I
: - : \
w \
r ¥ : \
S 2 e \
£ o : : : ; . .
e 350 360 370 380 390 400 410 420 430
5 20 :
v Nominal Voltage: 380 V
©
£
X e — =PSU

Bus Voltage

53
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DC-Voltage Specification

EPARC Alliance

400 V ~— Over Voltage Protection
Selling
Power : :

380 V XBuyingDC—Apphance Start Up (Nominal Voltage: 380 V)
Power .

360 V K — DC-Appliance Shut Down

340 V v\ For Emergency Use

Capacitor Box Precharge

54
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¢ Potential Market Size

SUMMARY FIGURE
GLOBAL RENEWABLE ENERGY MARKET, 2009-2015
($ BILLIONS)

1 (14

% Billions

200 2010 2015

O Hvdroelectric BWind OBiofuels OSclar BGesthermal OCkean

Source; BCC Aesearch

(Solar Energy will reach $ 97 billion by 2015, CAGR: 17 %)
2014: PV installation — 15.4 ~ 37 GW

;gSourec: Solarbuzz 2010 Market buzz)

(Today’s PV —0.012 %; 2030 — 12 %)

55



¢ Opportunities
» Constructing test bed

v @l

56
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Developing & Manufacturing Key Components

Power Converters/ Conditioners

Energy Storage Systems

Harmonizers (AC / DC Bi-directional Converter)
Energy Management Systems
Communication Modules

DC Supplied Products

‘_mg a B
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Providing Total Solution

€ LVDC Side: 380V
One-stop shopping service

® PV/Wind system design/installation
DC electronic products

Power conditioners/converters
Plug, socket and breaker
Wiring accessory
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€ MVDC Side: 10 ~ 50 kV

® Generation/conversion
® Transmission
® Distribution

€ HVDC Side: > 50 kV (Existing)

® Generation/conversion
® Transmission

59



TS
Where to get started ?

Data Center

Office building

Telcom base station

Newly constructed building

60
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» Challenges

» Standard and Regulation
require organization & government support

» DC products
need industry support

» Infrastructure
all of us together

61
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v Concluding Remark
m Share of green energy grows very fast.

B We have to adapt to DC distribution with
AC grid connection.

m A smarter grid requires new standards
and regulations, DC electronic products
and infrastructures. ’




No change no chance
Chance comes along with challenge




